Cancer is one of the major global threats to public health. Oral cancer is one of the 10 most common among all cancers and oral squamous cell carcinoma is the most common of all oral malignancies that arise directly or, is preceded by some benign lesions or conditions which is termed as potentially malignant disorders.\[[@ref1]\]

Biological behavior of these potentially malignant disorders like leukoplakia, oral submucous fibrosis, lichen planus, etc., are unpredictable as some of them may progress to malignant transformation. The risk of malignant transformation has been reported to be between 6.6% and 36.4%.\[[@ref2]\] It would be of practical importance to identify the risk group among them.\[[@ref3]\] Micronuclei assay is an excellent candidate to serve as such a biomarker, which detects chromosome loss.\[[@ref4]\]

Genomic damage is probably the most important fundamental cause of developmental and degenerative disease.\[[@ref5]\]

It is generally accepted that oral carcinogenesis is a multi-step process of accumulated genetic damage leading to cell dysregulation with a disruption in cell signaling.\[[@ref1]\]

Though histopathology of biopsied material is a gold standard in diagnosing cancers, biopsy being an invasive technique it loses viability, as a result of variations in blood glucose and disease itself.\[[@ref4]\] Biopsy has limitations for some professionals and psychological implications for some patients.\[[@ref3][@ref6]\]

These days interest has been increasing in noninvasive diagnostic testing because of the pain associated with invasive techniques.\[[@ref7]\] Ease of use and painless method can encourage more frequent testing.\[[@ref8]\] In such situation, exfoliative cytology would be a relatively safe procedure, which can also be done chair-side during routine oral examination.\[[@ref7]\] With the advancement in the field of quantitative exfoliative cytology, there is the reemergence of oral cytology as a powerful diagnostic\[[@ref9]\] and screening tool.\[[@ref9]\] Screening involves checking for the presence of disease in a person who is symptom-free.\[[@ref10]\] Conventional cytopathology has improved in the early detection of changes in individual exfoliated cells.\[[@ref11]\]

Exfoliative cytology is defined as procurement and characterization of cells from the surface of the oral mucosa.\[[@ref12]\]

History of Micronuclei {#sec1-1}
======================

In 1970s, the term micronucleus (MN) test was suggested for the first time by Boller and Schmidt. Heddle who showed that this assay provided a simple method to detect the the genotoxic potential of mutagens after *in vivo* exposure of animals using bone marrow erythrocytes.\[[@ref4]\]

In 1976, Countryman and Heddle recommended that peripheral blood lymphocytes could be used for the micronucleus approach and they recommended using micronuclei as a biomarker in testing schemes.\[[@ref13]\]

In 1980 exfoliated buccal mucosa cells were used to evaluate the genotoxic effects of betel nuts and quid. The MN assay in buccal cells was also used to study cancerous and precancerous lesions and to monitor the effects of a number of chemopreventive agents.\[[@ref6]\]

Theories of Origin of Micronuclei {#sec1-2}
=================================

There are two predominant mechanisms leading to the MN in a mitotic cell:

Chromosomal breakageDysfunction of the mitotic apparatus.\[[@ref14]\]

Clastogens induce chromosome breaks and yield acentric fragments. These chromosomal fragments are directly included into micronuclei. In the other mechanism, aneugenic agents prevent the formation of spindle apparatus during mitosis.\[[@ref14]\]

Molecular epidemiology is an area of increasingly intense activity and interest.\[[@ref4][@ref15]\] Molecular biological studies have provided evidence that individual susceptibility to cancer is mediated by genetic and environmental factors. DNA damages can be assessed by chromosomal aberrations, sister chromatid exchanges, and MN. Of these, MN test is found to be the most sensitive when compared with other test as it neither requires tedious procedure like cell culture nor it requires specific DNA stains.\[[@ref16]\]

Micronucleus is defined as a microscopically visible round to oval cytoplasmic chromatin mass next to the nucleus.\[[@ref17]\] MN are extranuclear cytoplasmic bodies. It is situated around the main nucleus within the inner half of the cytoplasm. The diameter of MN is less than that 1/3^rd^ of that of the main nucleus, and so it can be readily differentiated from a binucleated cell.\[[@ref14]\]

Micronucleus scoring or assay can also be done in human erythrocytes, lymphocytes, and exfoliated epithelial cells.\[[@ref14]\] Since 1937, micronuclei have been regarded as indicators for genotoxic exposure.\[[@ref18]\]

Etiology of Micronuclei {#sec1-3}
=======================

In normal healthy individuals due to exposure to environmental pollutants such as drugs, chemicals, food, and free radical injuries.\[[@ref14]\]

Occupational and environmental exposures (organic solvents, antineoplastic agents, lead containing paints solvents, and drinking water contaminated with arsenic).\[[@ref4][@ref6][@ref13]\]

Ionizing radiation (for the treatment of neoplasia but it also produces genetic damage).\[[@ref4][@ref6]\] Lifestyle factors (smoking, alcohol consumption, diet, vitamin deficiencies.\[[@ref4][@ref6]\] Gupta, Mhaske *et al.* conducted a study on MN index: An early diagnosis of oral carcinoma. The obtained data showed that stages of oral carcinoma and erythroplakia among premalignant cases associated with chronic use of tobacco had the highest MN index. Hence, the authors concluded that this index can be used as a biomarker screening test among the risk groups particularly the tobacco users.\[[@ref16]\]

Routine diagnostic use of X-rays. X-rays are a potent mutagenic agent causing mutations and chromosomal aberrations.\[[@ref19]\]

Genotoxic factors {#sec2-1}
-----------------

Micronuclei are induced in oral exfoliated cells by a variety of substances including genotoxic agents like, medical procedures (e.g., radiation and chemicals), carcinogenic components in tobacco, betel nut and alcohol, and genetic factors such as inherited defects in DNA metabolism and/or repair.\[[@ref5]\]

Carcinogen released from betel nut is thought to be responsible for the promotion of reactive oxygen species from the areca nut extracts. These reactive oxygen species can in turn cause damage to the DNA.\[[@ref8]\]

Vasudevan *et al.* aimed to investigate the genotoxic effect associated with occupational exposure to chromium workers using the MN test. He concluded that chronic occupational exposure could lead to increased levels of DNA damage represented by increased frequency of MN.\[[@ref20]\]

Epithelial cells are highly proliferative.\[[@ref6]\] Buccal cells are the first barrier for the inhalation or ingestion route and are capable of metabolizing proximate carcinogens to reactive products.\[[@ref1]\]

More than 90% of cancers arise in epithelial tissues, and these cells can be easily collected from the mouth without causing discomfort to patients. The procedure is feasible, cheap, and accurate; final results can be obtained in less time.\[[@ref18]\]

Therefore, it could be argued that oral epithelial cells represent a preferred target site for early genotoxic events induced by carcinogenic agents entering the body via inhalation and ingestion.\[[@ref6]\]

Micronucleus: Formation {#sec2-2}
-----------------------

The basal layer of oral epithelium contains the stem cells that may express genetic damage (chromosome breakage or loss) as MN during nuclear division.\[[@ref5]\]

Micronuclei are extra nuclear cytoplasmic bodies. They are induced in cells by numerous genotoxic agents that damage the chromosomes. The damaged chromosomes, in the form of acentric chromatics or chromosome fragments, lag behind in anaphase when centric elements move towards the spindle poles. After telophase, the undamaged chromosomes, as well as the centric fragments, give rise to regular daughter nuclei. The lagging elements are included in the daughter cells too, but a considerable proportion is transferred into one or several secondary nuclei, which are as a rule much smaller than the principal nucleus and are therefore called the micro nuclei. This takes place in the basal layer of the epithelial tissue, where cells undergo mitosis. This rapid turnover of epithelial tissue brings the cells to the surface, where they exfoliate.\[[@ref21]\] Bigger micro nuclei result from the exclusion of whole chromosome following damage to the spindle apparatus of the cell (aneugenic effect). Whereas small micro nucleus result from structural aberrations causing chromosomal fragments (clastogenic effect).\[[@ref8]\]

The oral epithelium maintains itself by continuous cell renewal whereby new cells produced in the basal layer by mitosis migrate to the surface replacing those that are shed.\[[@ref5]\]

Their frequency and the number of micronuclei are known to increase with carcinogenic stimuli, long before the development of clinical symptoms.

The optimal timing between 7 and 21 days after exposure is needed because peak expression may vary depending on the effects of the particular DNA damage or chromosomal exposure on the basal cell turnover rate.\[[@ref2]\] It seems likely that cells with more chromosomal damage, and hence more micronuclei that leads to increased frequency of MN from precancer to cancer.\[[@ref22]\]

Various uses of micronucleus scoring \[[Table 1](#T1){ref-type="table"}\].\[[@ref14]\]

###### 

Other possible applications of Micronucleus Scoring

![](JPBS-7-409-g001)

Collection of exfoliated oral mucosal cells {#sec2-3}
-------------------------------------------

Exfoliated oral mucosa cells can be collected using a wooden tongue depressor, a metal spatula, toothpicks, toothbrush, and cytobrush. According to Ogden *et al.* the wooden spatula has been shown to be a satisfactory instrument for obtaining smears from the buccal mucosa.\[[@ref23]\] Cytobrush sampling \[[Figure 1](#F1){ref-type="fig"}\] is more frequently used which facilitates their uniform distribution onto the microscopic slide, thus probably improving sensitivity.\[[@ref24]\]

![Smear obtained from potentially malignant disorder using a cytobrush](JPBS-7-409-g002){#F1}

The instrument used for making smear should be easy to use in any location and provide an adequate number of epithelial cells.\[[@ref25]\] MN frequency was higher when cells were collected by vigorous, rather than by light scraping.\[[@ref4]\]

The smear procedure can also be done after rinsing the mouth gently with water to remove food debris. Using a slightly moistened wooden spatula \[[Figure 2](#F2){ref-type="fig"}\] oral mucosal cells can be collected. The obtained cells are smeared on a sterile glass slide, fixed with a spray fixative and stained with papanicolaou stain. Smear can be observed under microscope with ×100 magnification \[[Figure 3](#F3){ref-type="fig"}\].

![Smear obtained from the lesion using wooden spatula](JPBS-7-409-g003){#F2}

![Micronuclei in exfoliated buccal epithelial cells](JPBS-7-409-g004){#F3}

Dr. George N. Papanicolaou was the first to introduce Pap smear. More Details in 1928 in cervical tissues and since then this technique has helped reduce cervical cancer incidence and mortality rates by 75%. This is an easy technique and can be replicated in the oral cavity for analysis of the changes caused by smoking.\[[@ref18]\] Palaskar and Jindal have shown that Pap is better stain for counting MN due to the fact that MN were easily seen in clear cytoplasm in regard to other stains like Giemsa stain.\[[@ref24]\]

Many studies have shown that a variety of different stains can be used in micronuclei studies. Among the DNA-specific stains, the ones which are most widely used are Feulgen, acridine orange, 4,6-diamidino-2-phenylindole (DAPI), and propidium iodide were also used. About 30% of the studies on epithelial cells were conducted using nonspecific stains (Giemsa, May-Grunwald\'s Giemsa, and less frequently, Orcein).\[[@ref4][@ref6][@ref24]\]

Criteria to assess micronuclei {#sec2-4}
------------------------------

Tolbert *et al.* criteria\[[@ref9]\] parameters for identifying micronucleus are as follows:

Rounded smooth perimeter suggestive of a membraneLess than a third the diameter of associated nucleus, but large enough to discern shape and colorStaining intensity similar to nucleusTexture similar to nucleusSame focal plane as nucleusAbsence of overlap with or bridge to nucleus

In general, the most commonly used is, zigzag method for screening of the slides. Cells with intact nuclei and cell boundaries should be counted.\[[@ref26]\] Tolbert *et al.* recommended the scoring of at least 1000 cells in a slide so that more precise results would be obtained with increasing number of cells.\[[@ref4]\]

Importance of micronuclei scoring in clinical pathology {#sec2-5}
-------------------------------------------------------

Micronuclei have been used as a measurement and biomonitoring of genotoxicity of various carcinogens, heavy metal poisoning, antineoplastic drugs, pollutants, etc.

It projects as a biomarker of chromosomal damage.

This assay has been extensively used to evaluate the presence and the extent of chromosome damage in human populations exposed to genotoxic agents.\[[@ref3]\]

The frequency of MN can help to assess the therapeutic prognosis.\[[@ref9]\]

It represents as an "internal dosimeter" to estimate exposure to genotoxic and carcinogenic agents.\[[@ref3]\]

Their frequency of occurrence is a measure of chromosome breakage in early cell divisions.\[[@ref5]\]

It has been shown to have a sensitivity of 94%, specificity of 100%, and an accuracy of 95%.\[[@ref4]\]

### Importance of early detection {#sec3-1}

Early detection will help the clinician to plan the treatment thereby improving patient\'s survival rates. The prevention of PMD, oral cancer and its associated morbidity and mortality, hinges upon the early detection, allowing for histological evaluation and subsequent treatment depending on the stage of diagnosis\[[@ref2]\]Early detection of MN in a cell represents an "internal dosimeter" to estimate exposure to genotoxic and carcinogenic agents\[[@ref3]\]Screening of individuals who are at high risk of malignant transformation is more pivotal in preventing and reducing the costly and painful treatment later onMicronuclei assay in exfoliated cells holds promise as, one of the biomarkers of exposure to genetic toxins and can provide as screening prognostic and educational tool in community center of PMD and cancer\[[@ref9]\]The MN assay in exfoliated buccal cells is potentially an excellent candidate to serve as such a biomarker as one of the early diagnostic tool in oral pre cancer and cancer.\[[@ref4]\]

Kamboj and Mahajan conducted a study to define MN as an early diagnostic tool of leukoplakia and SCC. MN assay was performed on oral exfoliated cells of chosen subjects. They observed the frequency of mean percentage occurrence of MN cells increased significantly in comparison to controls with leukoplakia and SCC. They concluded that MN can be stated as an early indicator and an upcoming marker for diagnosing oral pre cancer and cancer.\[[@ref27]\]

Buajeeb *et al.* conducted a study to determine the frequency of MN exfoliated cells in atrophic and erosive oral lichen planus (OLP). The authors revealed an increase in MN in OLP lesions. They concluded that the results of their study indicated genotoxic damage in atrophic and erosive OLP.\[[@ref28]\]

Micronuclei assay in exfoliated cells holds promise as a one of the biomarkers of exposure to genetic toxins and provides as screening prognostic and educational tool in the community center of PMD and cancer.\[[@ref9]\] It is noninvasive, simple, easy, clinical chairside technique, risk free that is well-accepted by the patient with no contraindications\[[@ref29]\] and the scoring of micronuclei is rapid and does not require much expertise.\[[@ref3]\]

Limitation of Micronuclei Scoring {#sec1-4}
=================================

Micronuclei scoring can be interfered by the bacteria that are commonly found in the mouth which can be differentiated by their characteristic shapeSmall dye granules may sometime resemble MN, but usually have a slightly different refractility and color intensityOther cellular structures such as keratohyalin granules resembling MN can lead to false positive results.\[[@ref30]\]

Mahimkar *et al.* conducted a study to investigate the extent of chromosomal damage by analyzing micronucleated cell frequency in exfoliated buccal epithelial cells with oral leukoplakia. The authors concluded the chromosomal damage in target tissue was higher. MN frequency in combination with genetic polymorphism in DNA repair may serve as a better predicator of risk.\[[@ref31]\]

Jadav *et al.* conducted to observe micronuclei; an essential biomarker in oral exfoliated cells for grading of oral squamous cell carcinoma. The authors concluded the MN can be candidate to serve as a biomarker for prediction of the grade of oral squamous cell carcinoma.\[[@ref32]\]

Conclusion {#sec1-5}
==========

Detection of micronuclei and their assay is an upcoming research domain in the field of cancer prevention and therapeutics. The presence and frequency of MN represent genomic damage. These miniature nuclear offshoots, if properly identified can turn out to be important biomarkers with huge potential in screening and predicting patients with oral potentially malignant disorders and also can act as risk assessors in patient\'s ongoing treatment for invasive cancers. The frequency of increase in MNC\'s from normal mucosa to potentially malignant disorders to oral cancer can suggest a link of this biomarker with malignant neoplastic progression. Therefore, MN assay in exfoliated cells holds promise as a specific biomarker for exposure to various carcinogens, and can also be used as a screening test in oral health centers. The advantage of micronuclei assay lies in its simplicity as scoring of MN is rapid, practical, and does not require much expertise.
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